Many techniques and graft materials have been used for the reconstruction of the tympanic membrane. We conducted a retrospective study to compare anatomic and functional outcomes of type 1 tympanoplasty that we performed with boomerang-shaped chondroperichondrial cartilage grafts (BSGs) and shield-shaped chondroperichondrial cartilage grafts (SSGs) in pediatric patients. Our study population was made up 121 patients-61 boys and 60 girls, aged 7 to 16 years (mean: 12.4)-who had undergone a type 1 tympanoplasty. Patients were divided into two groups according to the grafting technique used; there were 59 patients in the BSG group and 62 patients in the SSG group. Ear examinations were performed at postoperative months 3, 6, 12, and 24, and pure-tone average (PTA) for air-conduction threshold values and air-bone gaps (ABGs) were evaluated at 0.5, 1.0, 2.0, and 4.0 kHz at the same visits. We also investigated the impact of the graft material on functional graft success and intergroup differences (if any) in surgical success. Mean postoperative follow-up periods were 30.5 and 30.2 months in the BSG and SSG groups, respectively. We found that the success rates for tympanic membrane reconstruction were not significantly different in the two groups (91.5 and 88.7%). Postoperatively, the mean PTA and ABG values in both groups at 3, 6, 12, and 24 months were significantly lower than the preoperative values (p < 0.05). There were no significant differences in mean PTA values between the two groups at 3, 6, 12, and 24 months. However, the extent of the decrease in PTA values in the BSG group at 3 months was significantly greater than that of the SSG group (p < 0.05). There were no significant differences in mean ABG values between the two groups at 3, 6, and 12 months, but at 24 months, the value was significantly higher in the BSG group (p < 0.05). Finally, the extent of the decrease in ABG in the BSG group at both 3 and 6 months was significantly greater than that of the SSG group (p < 0.05). We conclude that the BSG procedure is a reliable and safe method of performing pediatric tympanoplasty.
Introduction
The aim of surgical treatment for chronic otitis media is to eradicate infection from the middle ear and mastoid bone, to aerate the tympanic cavity, to reconstruct the sound-conduction mechanism, and to improve hearing acuity. Reconstruction of the tympanic membrane is important to obtaining a clean middle ear canal.
Many techniques and graft materials have been used for the reconstruction of the tympanic membrane, including both autogenous and xenogenous graft ÖzbAy, sOy, KULdUK, dUNdAR, yüKKALdIRAN, GüLER, KOç materials. Autogenous grafts have retained their popularity to the present day. They are inexpensive and readily available, and they are not associated with any immunologic problems or risk of infection. These grafts consist mostly of fascia of the temporal muscle, tragal perichondrium, tragal and conchal cartilage, periosteum, vein, adipose tissue, subcutaneous tissue, fascia lata, skin of the ear canal, and heterotopic skin tissue.
For autogenous grafts, most surgeons prefer to use cartilage and fascia of the temporal muscle. Although cartilage tissue is mesenchymal in origin, it is thicker and more resistant to resorption and retraction than is temporal muscle fascia. Therefore, many authors have recently indicated that cartilage is the best alternative for the treatment of chronic tubal dysfunction in cases that involve adhesive processes, total perfusion, or recurrent perforation. [1] [2] [3] [4] One may suppose that the use of cartilage graft material could constitute a disadvantage regarding postoperative functional gain.
The use of cartilage in middle ear surgery was first reported by Utech in 1959 as an interpositional graft between the stapes and tympanic membrane in the reconstruction of the ossicular chain. 5 In the 1960s, Jansen 6 and Salen 7 used septal cartilage grafts for tympanic membrane reconstruction. Since then, cartilage grafts have been harvested from the conchal and tragal areas because of their proximity to the operative field and their concave configuration. Many types of cartilage tympanoplasty (e.g., palisade cartilage tympanoplasty, composite shield graft, perichondrium island graft, etc.) have been described. 1, 8, 9 In this article, we describe our study comparing the anatomic and functional outcomes of pediatric type 1 tympanoplasty performed with shield-shaped chondroperichondrial cartilage grafts (SSGs), which was previously described by others, 8 and with boomerang-shaped chondroperichondrial cartilage grafts (BSGs), which we have previously described. 10 
Patients and methods
We retrospectively reviewed the medical records of 135 patients, aged 7 to 16 years, who had undergone type 1 tympanoplasty for the treatment of chronic otitis over a period of 2 years and 4 months at Kızılltepe State Hospital and Mardin State Hospital in southeast Turkey. As a prerequisite for inclusion, patients could not have experienced otorrhea for at least 1 month. Also, patients with cholesteatomas and external ear canal abnormalities were not eligible, nor were patients who had undergone ossicular chain reconstruction secondary to intraoperatively detected ossicular chain pathology. All patients had experienced sequelae of chronic otitis media, including a perforated pars tensa of 50% or greater in area.
Our initial study group was made up of 135 patients. Of these, 14 who had not attended regular follow-up sessions were disqualified. Thus, our final study group was made up of 121 patients-61 boys and 60 girls, aged 7 to 16 years (mean: 12.4)-who had completed at least 24 months of regular follow-up. There were 54 right ears and 67 left ears affected. Patients were divided into two groups according to the type of grafting technique used. The BSG group was made up of 59 patients, 32 boys and 27 girls (mean age: 12.3 yr), and the SSG group was made up of 62 patients, 29 boys and 33 girls (mean age: 12.4 yr).
In addition to age and sex, we compiled information on annual income, the presence of a tympanic membrane perforation (n = 5 in the BSG group and n = 7 in the SSG group), the amount of time since the last episode of otorrhea (mean: 10.7 and 9.9 mo, respectively), and the length of follow-up (mean: 30.5 and 30.2 mo). There were no statistically significant differences between the BSG and SSG groups in any of these variables (table) .
With respect to perforation size, 3 patients in the BSG group had a perforation of less than 25% of the area of the pars tensa, and 2 had a perforation of 25 to 50%; the corresponding figures in the SSG group were 5 and 2. In the BSG group, 4 patients had a perforation located in the anterior quadrant and 1 had a centrally located perforation. In the SSG group, 3 patients had a posterosuperior perforation, 2 an anterosuperior one, and 2 a centrally localized one.
All patients were evaluated otomicroscopically, audiologically, and radiologically. Pure-tone audiometry and temporal bone computed tomography (CT) were performed on all patients, and treatment was planned accordingly. Otomicroscopic examinations were conducted at postoperative months 3, 6, 12, and 24, and pure-tone average (PTA) for air-conduction threshold values and air-bone gaps (ABGs) were evaluated at 0.5, 1.0, 2.0, and 4.0 kHz at the same visits.
Outcomes measures. We determined the impact that each of the graft types had on functional outcomes (i.e., improvement in hearing) and anatomic outcomes (i.e., graft success), as well as intergroup differences (if any) in surgical success (i.e., intactness of the graft and hearing gain).
All pre-and postoperative audiograms were evaluated according to the criteria established by the American National Standards Institute. Pure-tone audiometry tests (0.25 to 8.0 kHz) of air-and bone-conduction hearing levels were performed. The PTAs were cal- The graft was placed via an endaural or postauricular incision. After a slight incision of the perforation edges was made, a tympanomeatal flap was elevated. The ossicular system in each patient was found to be intact and mobile. A piece of Gelfoam was placed in the posterior part of the middle ear and promontory. The BSGs, including cartilage support at the anterior and inferior part (figure 1), were placed at the bottom of the manubrium mallei and the annulus as an underlay graft. The tympanomeatal flap was spread and then externally supported by Gelfoam.
Baseline procedures were the same for the SSGs, but a different application graft was implanted on the malleus. Cartilage with dimensions compatible with the size of the perforation was harvested from inside the opened tragus, and without thinning the cartilage, the perichondrium of one side of the cartilage was peeled away. The cartilaginous part of the graft closer to the malleus was excised in a U shape. The perichondrium of the graft was lateralized, and the graft was placed on the malleus and below the annulus. The tympanomeatal flap was spread and then externally supported by Gelfoam.
Statistical analysis. Statistical analysis was performed with the Statistical Package for the Social Sciences software (v. 22.0). For descriptive statistics, the mean, standard deviation, minimum and maximum, median, ratio, and frequency values were calculated. The normality of distribution was checked with the 
Results
Successful tympanic membrane reconstruction was achieved in 54 of the 59 patients in the BSG group (91.5%) and in 55 of the 62 patients in the SSG group (88.7%). The difference between the two groups was not statistically significant.
Pure-tone air-conduction values. Preoperatively, the mean PTA was 26.0 ± 7.4 dB in the BSG group and 26.1 ± 7.1 dB in the SSG group; the difference was not statistically significant. Postoperatively, the mean PTA values in both groups at 3, 6, 12, and 24 months were significantly lower than the preoperative values (p < 0.05) ( figure 2 ). There were no significant differences in mean PTA values between the two groups at 3, 6, 12, and 24 months. (Additional raw data on these PTA values in table form can be obtained by contacting the corresponding author.)
In the BSG group, the extent of the decrease in PTA values at 3 months was significantly greater than that of the SSG group (p < 0.05); there were no significant differences at 6, 12, and 24 months.
Air-bone gap values. Preoperatively, the mean ABG values were 15.6 ± 6.9 dB in the BSG group and 13.0 ± 4.4 dB in the SSG group; the difference between the two groups was statistically significant (p < 0.05). In both groups, the postoperative ABG values at months 3, 6, 12, and 24 were significantly lower than the preoperative values (p < 0.05). There was no significant difference in mean ABG values between the two groups at 3, 6, and 12 months, but at 24 months, the value was significantly higher in the BSG group (p < 0.05) ( figure 3 ). (Additional raw data on these ABG values in table form can be obtained by contacting the corresponding author.)
In the BSG group, the extent of the decrease in ABG at 3 and 6 months was significantly greater than that of the SSG group (p < 0.05). There was no difference at 12 and 24 months.
Discussion
Of the many graft materials for tympanoplasty procedures that have been described, fascia of the temporal muscle and cartilage has been preferred. Because fascia is easily retrievable from the auricular concha and tragus and because of its high degree of malleability, its stability, its resistance to negative pressure, and its adequate elasticity of sound conduction, its use in pediatric tympanoplasty is feasible even in the face of adverse factors (e.g., young age, eustachian tube dysfunction, upper respiratory tract infection). Indeed, contrary to some expectations, some authors have reported successful outcomes with cartilage tympanoplasty in pediatric cases. 11, 12 In a literature review published in 2010, Nicholas and O'Reilly reported that the success rates of cartilage tympanoplasty in pediatric cases ranged from 71 to 100%. 13 Friedman et al performed cartilage tympanoplasty in three separate pediatric age groups (maximum age: 13 yr) and reported graft success rates of 93.0, 95.0, and 97.2%, respectively, with an overall rate of 95.0%. 14 They also reported a statistically significant (p < 0.001) decrease in mean postoperative PTA (8.46 dB) compared with the mean preoperative value (20.67 dB).
Ozbek et al compared the outcomes of type 1 tympanoplasty in children who received a fascia graft (n = 24) or a palisade cartilage graft (n = 21) and found a significantly higher anatomic success rate in the palisade cartilage group (100 vs. 70.2%; p < 0.001). 15 Comparisons of audiologic outcomes revealed no significant difference between the two groups.
Demirci et al performed reconstructions in 60 patients younger than 18 years who had undergone tympanoplasty with either fascia of the temporalis muscle (n = 35) or cartilage (n = 25). 16 They achieved graft success rates of 82.9% with the fascia and 92.0% with the cartilage; the difference was not statistically significant. Audiologically, the fascia group had a mean pre-and postoperative ABG of 28.2 ± 10.1 and 15.1 ± 10.2 dB, respectively, and a Figure 2 . Graph shows that the postoperative PTA values at 3, 6, 12, and 24 months are significantly lower than the preoperative value in both groups. The extent of the decrease in PTA values in the BSG group is significantly greater than that of the SSG group at 3 months. mean postoperative hearing gain of 13.1 ± 9.6 dB. In the cartilage group, the mean pre-and postoperative ABGs were 28.9 ± 10.2 and 16.8 ± 10.3 dB, and the postoperative hearing gain was 12.1 ± 6.8 dB. Intragroup differences between the pre-and postoperative ABGs were statistically significant (p < 0.001), but the intergroup differences in hearing gains were not (p = 0.845).
Albirmawy followed 82 pediatric patients who had undergone type 1 tympanoplasty and reported success rates of 95.0% with the signet-ring-shaped chondroperichondrial composite graft and 76.2% with fascia, a significant difference (p < 0.001). 17 In both groups, the postoperative ABG was significantly better than the preoperative value-10.95 vs. 25.62 dB in the signet-ring group and 12.73 vs. 25.98 dB in the fascia group (p < 0.001 in both cases). Likewise, the postoperative speech reception threshold level was better in both groups-12.39 vs. 34.73 dB in the signet-ring group and 14.54 vs. 32.33 dB in the fascia group (p < 0.001). There were no significant differences between the two groups in audiologic outcomes.
Our study participants underwent tympanoplasty with two differently designed chondroperichondrial grafts. With the BSG, only the cartilage of the anteroinferior part of the membrane was left intact; the rest of the graft consisted of only perichondrium ( figure 1 ). With the full-thickness SSG, all quadrants of the graft contain cartilage tissue. The graft success rates in the two groups were comparably good-91.5% in the BSG group and 88.7% in the SSG group-not a significant difference.
Perfusion of the anterior quadrant of the tympanic membrane has been reported to be relatively poor, and therefore it is difficult to achieve satisfactory graft success rates in reconstructions involving this quadrant. 18, 19 To overcome this obstacle, we left cartilage tissue of the anterior annulus and residual membrane intact and obtained successful tympanoplasty results. In the BSG group, the amount of decrease in PTA values at 3 months postoperatively was significantly greater than that of the SSG group (p < 0.05); there were no differences at 6, 12, and 24 months.
In both groups, the decrease in ABG values at 3, 6, 12, and 24 months postoperatively was significantly greater relative to the preoperative period (p < 0.05). In the BSG group, the extent of the decrease in ABG values at 3 and 6 months was significantly greater than that of the SSG group (p < 0.05); there were no differences at 12 and 24 months.
In a cadaver experiment, Zahnert et al found that thinning a full-thickness cartilage graft harvested from the tragus and concha improved the quality of the acoustic transfer to a greater degree than did use of a tympanic membrane with a thickness of 500 µm or less. 20 As a result, the loss of acoustic transmission was in the range of acceptable.
Mürbe et al reported that a cartilage palisade, island flap, and layers thinned to less than 1 mm were associated with good acoustic qualities, but the cartilage island technique yielded superior vibration. 21 As reported in the literature, conductive hearing loss persists after cartilage grafting, but it resolves with time. 22 Our findings were compatible with those reported by others. During the early postoperative period with the BSG, we found that when the middle and posterior parts of the graft were coated with perichondrium rather than cartilage, audiologic outcomes were significantly better than those achieved with the use of the full-thickness SSG. However, outcomes in our two groups were similar at 12 months and beyond. We can attribute these outcomes to the softening of the rigid cartilage over time and the reconstruction of a more intact structure in integration with the residual membrane and malleus. In our study, this was noticeable at 6 months postoperatively.
In conclusion, we found that tympanoplasty with the BSG technique is a safe, effective, and reliable procedure in pediatric cases. The cartilage graft covers only the anteromedial part of the newly reconstructed tympanic membrane, which (1) affects tympanic membrane mobility and elasticity only minimally, (2) preserves hearing, (3) allows for good functional middle ear volume, and (4) improves postoperative observation of the middle ear for audiologic pathologies (e.g., cholesteatoma, acute otitis media, and serous otitis media). Figure 3 . Graph shows that the postoperative ABG values at 3, 6, 12, and 24 months are significantly lower than the preoperative value in both groups. There are no significant differences in mean values between the two groups at 3, 6, and 12 months, but the value is significantly higher in the BSG group at 24 months. Also, the extent of the decrease in ABG in the BSG group at 3 and 6 months is significantly greater than that of the SSG group.
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